INTRODUCTION
The phenomenon of vertical zonality, i.e. regular change of community composition during the transition from coastal sea sites to deeper horizons was established early last century in works by AUDOUIN ~ MILNE-EDWARDS (1832), FORBES (1846) and others. A large amount of literature has been devoted to this problem, including a series of surveys (GISLEN 1930 , EEMAN 1953 , ZEN~EVlCH 1951 . Nevertheless, only the intertidal zone* has been studied comparatively well. In the majority of the USSR seas, however, for the upper sublittoral (from 0 to 30-40 m) there is insufficient knowledge of the bottom communities, the population density and biomass of species whi& comprise them, and their vertical distribution and ecology.
However, the first investigations carried out with the use of diving techniques in areas previously studied only by conventional, old methods have made it possible to discover some new species in the fauna and to make essential corrections to our understanding of communities inhabiting these areas and their distribution (PRoPr 1962, * In contrast to the Fren& (P~ES 1966) , for designation of the vertical zones we use the terminology adopted by the majority of the Soviet investigators and also authors writing in English. "Littoral" comprises the intertidal zone; sublittoral is the zone from 0 depth to 150-200 m; upper sublittoraI, from 0 to 30 m. A.V. ZmRMUNSK~C 1971 , ZHIRMUNSKY 1963 , SCARLATO et al. 1964 , GOLIKOV • SCARLATO 1967a .
The investigations have shown that the vertical distribution of the same species differs in different latitudes and even in different sites of the same water body, and that it depends upon the effect of a number of environmental factors. Under the influence of temperature changes, rubbing intertidal ice, water currents, absence of suitable substratum, predation and so on, vertical displacements of individual species and of communities take place. In some regions the distributional limits move down to deeper areas, in others they rise to the upper horizons.
Analyzing the literature and our own data concerning the vertical distribution of the bottom molluscs in the White Sea (ZHn~MUNSKY 1969), we came to the conclusion that the vertical zonation is more pronounced when there is a more or less uniform gradient in temperature decrease with depth. Such a situation exists in the main gutter of the White Sea. In sea areas with strong tidal flows, the surface water and the water of deeper layers mix and have very similar temperatures.
Analogous phenomena can be seen in Peter the Great Bay. P~opl, & BUDIN (1969) and BUDIN (1971) showed that the vertical distribution of a number of species (sea-star Patiria pectinifera, sea-urchins Strongylocentrotus nudus and S. intermedius, and molluscs Crenomytilus grayanus, Swiflopecten swifli, Mizuhopecten yessoensis) near the islands and capes of Peter the Great Bay is only slightly affected by depth and to a considerable extent depends upon substratum, the degree of mobility, and the action of predators. These studies were made in depths down to 30-40 m, and the temperature difference between these depths and the surface was not more than 2.5 ° C.
In order to reveal vertical zonation, therefore, one must look to the semi-enclosed bays which, in summer, show distinct temperature stratification. Our studies (Zmr,-MUNSKY 1967 and investigations by GOLIKOv&ScAgrATO (1967a, b) have shown that the semi-enclosed bay in the Possyet and Vostok Bays possess this quality.
In the present paper, the results of investigations obtained on vertical distribution of some mass species of the bottom animals living in the upper subtittoral of the Possyet Bay are presented in dependence on temperature conditions, substratum and animal mobility. These data are compared with cell heat resistance (the rmostability), which may be used as species characteristic (UsHAKOV 1959), re41ecting the temperature conditions to which the species was adapted during the process of micro-evolution.
METHODS
In order to study the vertical distribution, aqualungs were used. The limits of the vertical distribution of the species inhabiting the Possyet Bay were established and also the zone in which the species is abundant (ZmRMUNSKY 1963 (ZmRMUNSKY , 1967 (ZmRMUNSKY , 1969 . These data were supplemented by results obtained by the hydrobiological expedition of the Zoological Institute of the USSR Academy of Sciences (GoLIxov & SCAI~LATO 1967a, b) .
Heat resistance of the ciliated epithelium was estimated according to the retention time of ciliary movement ("survival time") in preparations placed in sea water heated to a definite constant temperature. According to the mean data obtained from 6 to l0 experiments for four different temperatures, semi-logarithmic curves were constructed of time dependence of the temperature-dependent loss of functional activity. Each curve is based on results with preparations obtained from 20-40 specimens of a given species.
The degree of cellular heat resistance is expressed as the straight lines within the limits of the injurious temperatures. Comparing their position or the temperatures which lead to cessation of cilia movement at a definite time, one can assess differences in cellular heat resistance of the species studied. A similar method was used by SCHLIErER et al. (1960) . Characteristics of the species studied are given in Table 1 .
RESULTS
Possyet Bay includes some half-enclosed bays where distinct temperature stratification occurs subsequent to summer heating of the upper water layers. The water temperature at the surface and in 20 m depth may differ as much as 5°-6 ° C (GoLtKOV & SCAI~LATO 1967a) . In August, sea-water temperature reaches about 21°-23 ° C at the surface and in shallow-water bays up to 25°-27 ° C. This thermal regime appears to be the main condition which enables the coexistence in close proximity of subtropical and boreal species. Table 1 presents data on the vertical distribution of 15 species of bottom animals inhabiting mostly solid substrates, and belonging to 4 classes -bivalves, gastropods, sea-stars and ascidians. As can be seen from the Table, The comparison of the vertical zones in which species are abundant is quite significant. Simultaneously, they are characteristic of the communities inhabiting the various depths (GoLIKOV & SCA~LATO 1967a) .
In Table 1 species are arranged in the order of decreasing cellular heat resistance. This fact enables us to compare the degree of cellular heat resistance with the vertical distribution of the species and to evaluate the relationship of the characteristics mentioned. Species 1-3 exhibit the highest degree of cellular heat resistance and mainly occupy the uppermost sublittoraI from 0 to 2 m. In contrast, species with the lowest cellular heat resistance (12-15) live in deeper sea zones.
A more detailed consideration of the data presented in Table 1 reveals that some species do not fit into the general pattern, because of their wide distribution over the whole spectrum or a considerable part of the depths studied. These are species which actively move about on the sea bottom, such as gastropods, sea-stars and jumping scallops. If we exclude them from the consideration and compare the primary vertical Table 1 Animals from the Possyet Bay and the heat resistance of their ciliated epithelium ceils ** Species 5, 9-13 occur in Peter the Great Bay also deeper than 20 m. Data on cellular thermostability partially published earlier (ScHLAcrrrER 1959 , ZmRMUNSKX 1960 , 1963 , 1967 , ZHIRMUNSXY & PISAI~EVA 1960 .
distribution of non-mobile forms, bivalves and ascidians, a more distinct pattern becomes evident (Fig. 1) . Thus regularities in vertical distributions of species, as related to temperature adaptations, are expressed more clearly in non-mobile species and to a lesser degree in species moving about actively in search of food; this situation is analogous to that described by ANDRUASm~V (1939) Fie. 1: Cellular heat resistance, tl (°C), of the ciliated epithelium in bivalves and ascidians in relation to the depths of their mass development in Possyet Bay (Japan Sea). Vertical lines indicate the main vertical distribution of the species; numbers designate the species listed in Table 1 Analogous relationships can be seen when comparing taxonomically closely related species, for example, the ascidians Halocynthia roretzi and H. aurantiurn (ZHn~-MUNSKY 1963 ). Our observations show that H. roretzi occurs below 1 m depth in rocky bays of the Possyet Bay. The greatest number of H. roretzi was recorded at 3-5 m; the number then decreases; in general, H. roretzi does not occur below 12 m depth. We have found that H. aurantium occurs below 8 m and, according to R~DIKORTS~V (1941) , it has been recorded from depths down to 180 m. The cellular thermostability curves of these species are presented in Figure 2 . As seen from this figure, the cellular thermostability of H. roretzi, which inhabits the uppermost part of the sublittoral, is higher than that of H. aurantiurn which lives in deeper waters.
The same data were obtained for two mytilids -Mytilus coruscus, which occurs in the Possyet Bay from 0 to 3 m, and Crenomytilus grayanus (from 1 to 20 m) (Fig. 3) .
Our studies revealed regular differences in vertical distributions of some species inhabiting the upper sublittoral of the Possyet Bay, and demonstrated relationships between the vertical distributions of species and the heat resistance of their cells. 
CONCLUSIONS
The combined in situ and laboratory investigation presented here comprises part of a study conducted to analyse the interrelationships between the latitudinal and vertical distributions of bottom animals and their thermal adaptations (Zrtir, MuNsr:Y 1960--t969) .
According to the protein theory of the cell injuries suggested by the Russian cytophysiologists NASSONOV & ALEXANDI~OV (1940) , the basis of cell reactions to different injuries lies in the denaturation of ceil proteins. From this viewpoint, the differences in cellular heat resistance are comparable to the results of cell protein differences. This was confirmed by establishing the amino-acid protein composition of identical cells in closely related species (TAF, TAKOVS~Y et al. 1960 ). SUMMARY 1. Investigations on 15 mass species of bottom animals (Bivalvia, Gastropoda, Asteroidea, Ascidia), performed by means of aqualungs in semi-enclosed bays of the Possyet Bay (Peter the Great Bay of the Japan Sea), have revealed a clear zonality in their vertical distribution. This finding is in contrast to the situation found near islands and capes of Peter the Great Bay, where species distributions are weakly connected with depth, but to a considerable degree determined by the nature of substrate, degree of tides and presence of predators. 2. These differences may be explained by differences in summer temperature conditions, considerable decrease of the temperature gradient with increase of depth in semi-enclosed bays, insignificant surface temperature differences and, in depths of about 20-30 m, by intensive water mixing near islands and capes. 3. Comparison of the vertical distribution of species from the Possyet Bay with their cellular heat resistance (species-specific feature, used for characterizing genetic heat adaptation) reveals conformity between these indices. 4. These results and literature, data suggest that the differences in vertical distribution of the bottom invertebrates living in coastai waters are the result of the speciesspecific adaptation of their cells to environmental temperature; differences in protein structure of different animals are considered to provide the basis of this phenomenon.
